Strongyloidiasis is caused by a soil-transmitted helminth that is endemic in tropical and subtropical countries. The parasite can complete its life cycle without leaving the host, allowing autoinfection and persistence. The risk of infection in travelers is low, but the disease may become lethal following immunosuppression. In case of solid organ transplantation, the risk of donor transmission has been suspected for several years. However, the management of live donors in this context has only recently been considered, and no guidelines exist for the management of deceased donors. To highlight the complexity of diagnosing, treating, and preventing strongyloidiasis donor transmission, we describe a case of possible transmission of severe strongyloidiasis to a kidney transplant recipient with limited travel history. Taking into account the difficulty of diagnosing chronic strongyloidiasis infection and the increase in travel and immunosuppressive treatments, we recommend pragmatic management guidelines to limit the risks of infection.
INTRODUCTION
Strongyloidiasis is caused by a soil-transmitted helminth that is endemic in tropical and subtropical countries, 1 with rare cases described in southern Europe. 2, 3 The infection starts when Strongyloides penetrates the intact skin and is followed by an invasive phase. 4 As Strongyloides has the ability to complete its life cycle without ever leaving the host, a chronic, mostly asymptomatic, life-long infection may occur, during which severe strongyloidiasis may develop in case of immunosuppression. 5 The incidence of imported strongyloidiasis among travelers and immigrants who return from countries at risk is low (0.2%), 4, 6, 7 but the absolute number of international travelers grows constantly. 8 As a result, the prevalence of asymptomatic carriers in non-endemic countries is probably largely underestimated. In the United States, up to 5% of Latin-American immigrants and 25% of foreign-born human immunodeficiency virus patients were positive for Strongyloides stercoralis, either by serology or fecal quantitative polymerase chain reaction. 9, 10 To illustrate this problem, we present a case of severe strongyloidiasis in a recipient with little travel exposure who had received a cadaveric kidney transplant.
In June 2013, two kidney transplantations (KTs) were performed in our institution, with organs from the same donor. The donor was a 59-year-old male from Réunion, a French island east of Madagascar, where strongyloidiasis is endemic.
He had died of status epilepticus, and the kidneys were the only organs that were retrieved. The recipient of the right kidney (recipient 1) was a 75-year-old caucasian woman who was born in mainland France. Her end-stage renal disease was of nephrotoxic origin (caused by gold salts and nonsteroidal anti-inflammatory drugs). She previously had spent a 1-month holiday in a Caribbean island in 1992 and had taken a cruise in the Caribbean in 2000. Induction therapy consisted of intravenous methylprednisolone and rabbit anti-thymocyte globulins. Maintenance immunosuppression consisted of tacrolimus, mycophenolate mofetil, and prednisone. Two months after the KT, the patient was admitted to the hospital because of a deteriorating general condition with cough, diarrhea, and abdominal pain. Physical examination revealed a typical periumbilical thumbprint purpura. 11 The C-reactive protein was at 144 mg/L (< 5 mg/L at the time of KT) and the absolute eosinophil count was 470/mm 3 (0/mm 3 a couple of days after the KT and following the corticosteroid treatment initiation). Other blood analyses did not show abnormalities. Computed tomography scan of the chest showed ground glass opacity of the right upper lung lobe. A bronchoalveolar lavage (BAL), skin biopsy, and feces showed the presence of S. stercoralis larvae. Oral ivermectin was prescribed. On day 7, hemoptysis and acute respiratory failure required orotracheal intubation for mechanical ventilation. Strongyloides stercoralis larvae persisted in the second BAL despite oral ivermectin. Subcutaneous veterinary ivermectin (100 μg/kg twice daily) was prescribed in association with oral albendazole (400 mg/d) for a total duration of 14 days. Fecal parasite clearance was obtained, and the patient was discharged after 2 months. The treatment was extended with repeated doses of oral ivermectin (200 μg/kg once daily, every 2 weeks) for a total of 3 months. Three years after this episode, the patient was still alive and cured from strongyloidiasis.
The recipient of the left kidney (recipient 2) was a 70-yearold caucasian male. He had no history of any travel in a country where strongyloidiasis is endemic. Eight weeks after the KT, he was hospitalized because of a Pseudomonas aeruginosa and Aspergillus fumigatus pneumonia. Despite three fecal examinations and a BAL which showed no evidence of S. stercoralis, he received a prophylactic treatment with oral ivermectin. C-reactive protein levels and absolute eosinophil counts remained low (< 200 cells/mm 3 ) before and after KT, until he died 1 month later of Pseudomonas septicemia.
Strongyloidiasis serologies were retrospectively performed in the donor and both recipients on the available sera (Table 1) using the microwell enzyme-linked immunosorbent assay (ELISA) Strongyloides antibody assay (SCIMEDX Corporation, Dover, NJ) according to the manufacturer's recommendations, with the provided positive and negative controls. The donor serology 2 months before his death was positive, but no serology, nor a direct parasitological search for S. stercoralis, had been performed just before his death. None of the recipients had been screened or treated for strongyloidiasis before transplantation, as they both had very limited travel history. Strongyloides serology of recipient 1 was at the cutoff level before transplantation, negative on the day of transplantation, and slightly positive during severe strongyloidiasis. Serology of the second recipient was positive on the day of transplantation, but negative afterward.
DISCUSSION
This report highlights the difficulties in managing the severe strongyloidiasis risks that are associated with solid organ transplantation.
Severe strongyloidiasis can present both as a hyperinfection syndrome and as disseminated infection. 12 The former is associated with the higher numbers of larvae that result from a particularly active auto-infection; pulmonary and gastrointestinal signs are then usually present. Disseminated strongyloidiasis is defined by the presence of larvae outside the digestive and pulmonary tracts (recipient 1, in our case report) such as the blood stream and the skin.
In most cases of severe strongyloidiasis in transplant recipients, it is difficult to determine the origin of infection. 13, 14 Usually, dissemination of a recipient's own, latent infection triggered by immunosuppressive treatment is suspected. Screening of solid organ recipients for strongyloidiasis is not mandatory in France. Interestingly, recipient 1 had been treated with corticosteroids for scleroderma and arthritis in the 1990s without infectious complications. It is possible that a more profound global immunosuppression in the KT context was responsible for the patient's strongyloidiasis dissemination. It is also possible that recipient 1 acquired a donor-derived severe strongyloidiasis after transplantation. 1, [13] [14] [15] [16] [17] However, the donor theoretically had to suffer from disseminated strongyloidiasis at the time of organ retrieval to transmit the disease, which is probably a rare occurrence. 15, 18 Diagnosing chronic strongyloidiasis can be challenging, as stool examination is not a sensitive test in this setting. 14 Serology by ELISA may be helpful, with a 82-95% sensitivity in immunocompetent patients, 19, 20 but its sensitivity seems lower in occasional travelers, 21 and relying on measuring antiparasitic antibodies in immunosuppressed patients is doubtful, as exemplified by recipient 1 who did not show a clear positive serology even after proven disseminated infection. 19, 22 Moreover, serology specificity ranges from 29% to 99% because of possible cross-reactions, especially with filarial infections. 19 Perhaps new S. stercoralis ELISAs that are based on other antigens than laboratory analogue of Strongyloides stercoralis will improve the detection sensitivity and specificity.
No clear recommendation exists for the treatment of severe strongyloidiasis, but parenteral ivermectin appears to be the treatment of choice. 14, 23 This should be continued until symptoms resolve and at least for 2 weeks (the duration of one autoinfection cycle). 22 To prevent recurrences, one or two additional oral doses (200 μg/kg once daily) 2 weeks apart after the end of curative treatment have been proposed. 1, 14 The systematic screening for, and treatment of strongyloidiasis before starting an immunosuppressive therapy is recommended. 1, 20, 24 Presumptive treatment has been shown to be more cost-effective in immigrants in the United States than diagnostic procedures or other public health strategies. 25 In settings where ivermectin is not easily available, serology testing before immunosuppression should be performed. In this case, lowering the cutoff for a positive serology might be needed to increase sensitivity. 19 It is recommended to test live donors who were born or who lived in disease-endemic countries before organ donation and to treat infected live donors before organ retrieval. 13 By contrast, the management of deceased donors is unclear and possibly somewhat different. First, the context of emergency and the frequent lack of information from the donor's relatives prevent a detailed risk stratification. Often, the donor's residency is the only available data. Second, serology cannot be performed urgently in most hospitals. Last, oral ivermectin is likely incapable of affecting parasite clearance in deceased donors. Despite the absence of evidence, treatment of both the recipient and the donor seems reasonable when the risk of transmission seems high. Taking all these parameters into account, we suggest a pragmatic and simple management scheme (Figure 1 ) that is based on the origin and history of both recipients and donor.
CONCLUSIONS
Because of an increase in worldwide travel and migration, cases of parasitic infection are more frequently observed in 
